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[57] ABSTRACT

A pair of cut-off ports are formed in a plunger and a
plunger barrel at a predetermined axial location and
registrable with each other to spill pressurized fuel into
a zone under lower pressure. A communication pas-
sageway communicates a pump working chamber de-
fined by the plunger at one end thereof with the zone
under lower pressure. A solenoid valve is arranged
across the communication passageway for blocking
same. Control means controls the solenoid valve to
cause same to selectively assume an open position and a
closed position. While the plunger moves toward the
pump working chamber, the solenoid valve is closed by
the control means to start injection of fuel present in the
pump working chamber, and upon registration of the
cut-off ports with each other, the fuel injection is termi-
nated.

6 Claims, 4 Drawing Figures
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ELECTRONICALLY CONTROLLED
DISTRIBUTOR TYPE FUEL INJECTION PUMP

BACKGROUND OF THE INVENTION

This invention relates to an electronically controlled
distributor type fuel injection pump adapted for use in
internal combustion engines, particularly in diesel en-
gines.

Among conventional distributor type fuel injection
pumps, an electronically controlled type 1s known, e.g.
from Japanese Provisional Patent Publication No.
57-91366, wherein the fuel injection quantity and injec-
tion timing of the fuel injection pump is electrically
controlled. According to this proposed type, a gover-
nor, an injection timing control device and a control
sleeve are omitted from the fuel injection pump, but a
single solenoid valve is employed instead for control-
ling the fuel injection quantity and the injection timing
through its opening and closing actions, in such a man-

ner that the fuel injection is initiated upon opening of

the solenoid valve and terminated upon closing of the
same valve. Therefore, the solenoid valve is required to
have high responsiveness enough to achieve precise
control of the fuel injection quantity and the injection
timing. To this end, the solenoid valve should be capa-
ble of producing a large electromagnetic force. How-
ever, to produce such a large electromagnetic force, the
solenoid valve inevitably has to be large in size, result-
ing in increased manufacturing cost as well as increased
electric power consumption. Besides, the solenoid valve
of the proposed type is constructed and arranged such
that pressurized fuel acts upon the valve body in a direc-
tion of opening same, requiring a still larger electromag-
netic force sufficient to overcome the pressure of the
pressurized fuel so as to hold the valve body in its
closed position. This also necessitates designing the
solenoid valve to be large in size, further increasing the
manufacturing cost as well as the electric power con-
sumption.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a distributor
type fuel injection pump which is constructed such that
the initiation of fuel injection alone 1s controlied by the
solenoid valve while the termination of fuel injection is
mechanically determined by the timing of registration
of cut-off ports whereby high responsiveness is not
required of the solenoid valve, thereby making it possi-
ble to employ an inexpensive and smallsized solenoid
valve.

It is a further object of the invention to provide a
distributor type fuel injection pump which requires only
a small electromagnetic force for holding the solenoid
valve in its closed position while imparting high respon-
siveness to the solenoid valve in its closing action,
thereby making it possible to employ a solenoid valve
which is inexpensive, small in size, and small in electric
power consumption.

It is another object of the invention to provide a
distributor type fuel injection pump which is capable of
controlling with accuracy the fuel injection quantity
even in small quantity region.

According to the present invention, a pair of cut-off
ports are formed in a plunger and a plunger barrel at a
predetermined axial location, and registrable with each
other to spill pressurized fuel in the plunger into a zone
under lower pressure. A comrmunication passageway
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2

communicates a pump working chamber defined by the
plunger at one end thereof with the zone under lower
pressure, and a solenoid valve is arranged across the
communication passageway for blocking same. Control
means controls the solenoid valve to cause same to
selectively assume an open position and a closed posi-
tion. While the plunger moves toward the pump work-
ing chamber, the solenoid valve is closed by the control
means to start injection of fuel present in the pump
working chamber, and upon registration of the cut-off
ports with each other, the fuel injection 1s terminated.
The solenoid valve comprises a valve body disposed
opposite an end face of the one end of the plunger, a
valve seat on which the valve body 1s seatable, urging
means acting upon the valve body to bias same to the
open position, and a solenoid energizable for biasing the
valve body to the closed position against the force of
the urging means. The valve body and the valve seat are
arranged such that the valve body is kept off from the
valve seat to assume the open position when it is biased
toward the plunger, and is seated on the valve seat to
assume the closed position when it is biased away from
the plunger. The control means is adapted to selectively

energize or deenergize the solenoid for causing the
valve body to selectively assume the closed position or

the open position.

The above and other objects, features and advantages
of the invention will be more apparent from the ensuing
detailed description taken in conjunction with the ac-
companying drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal vertical sectional view of a
distributor type fuel injection pump according to an
embodiment of the invention;

FIG. 2 is a fragmentary view, on an enlarged scale
and partly in section, showing a solenoid valve for con-
trolling the fuel injection quantity, appearing in FIG. 1,
and its peripheral parts;

FIG. 3 is a longitudinal horizontal sectional view
showing details of an injection timing control device
appearing in FIG. 1; and

FIG. 4 is a timing chart showing the relationship in
timing between opening and closing of the solenoid
valve, registration of the cut-off ports, lifting of the
plunger, and changes in the opening areas of the suction
port and the discharge port.

DETAILED DESCRIPTION

The invention will now be described in detail with
reference to the drawings showing an embodiment
thereof. Referring first to FIGS. 1 and 2, reference
numeral 1 designates a pump housing of which a right
end wall as viewed in FIG. 1 is formed by a wall mem-
ber 1a. A plunger barrel 2 extends through a central
portion of the wall member 1a and is formed therein
with a cylinder bore 3 within which a plunger 4 is re-
ceived for concurrent reciprocating and rotative mo-
tion therein for suction, pressure delivery and distribu-
tion of fuel. A pump working chamber 5§ is defined by
the cylinder bore 3 and the head or right end of the
plunger 4, and disposed for communication via a sole-
noid valve 6 with a fuel suction passage 7 which in turn
is communicated with a suction space 16 hereinafter -
referred to.

The solenoid valve 6 comprises a valve casing 8
formed integrally with a valve seat 8a, a piston-like
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valve body 9 arranged within the valve casing 8 for
axial movement therein, a stator core 8b mounted
within the valve casing 8, a spring 10 urging the valve
body 9 toward its open position, and a solenoid 11 dis-
posed to be energized or deenergized by a control unit
50, hereinafter referred to, to cause the valve body 9 to
selectively assume its closed or open position. The
spring 10 is interposed between an end face of the valve
body 9 remote from its valve head 96 and an inner end

face of the stator core 8b.
The valve casing 8 is formed therein with a valve

bore 12 extending along its axis, and a communication
passage 13 extending obliquely from an inner peripheral
surface of the bore 12 to communicate the pump work-
ing chamber 5 with the fuel suction passage 7 through
the bore 12 when the valve body 9 is open. The commu-
nication passage 13 is connected to the fuel suction
passage 7 through an auxiliary passage 74 formed in the
wall member 1a of the pump housing 1. The valve bore

10

15

12 comprises a valve head-fitting bore 12a opening in 20

one end face of the valve casing 8 and defining part of
the pump working chamber 5, a valve stem-fitting bore
126 having a diameter smaller than that of the valve
head-fitting bore 12a axially aligned therewith and com-
municating with the communication passage 13, and the
valve seat 8a in the form of a tapered annulus interposed
between the bores 12q, 12b. The valve head-fitting bore

25

4
the fuel suction passage 7. The valve body 9 1s provided
with a stopper, not shown, for prohibiting displacement
of same from the seated position toward the plunger 4
over the predetermined stroke.

The solenoid 11 of the solenoid valve 6 1s accommo-
dated within the valve casing 8 and electrically con-
nected to the control unit 50, to be energized by an
injection starting command signal from the control unit
50 to bring the valve body 9 into its closed position

against the urging force of the spring 10.
The fuel suction passage 7 communicates at one end
with a suction port 15 formed through a peripheral wall

of the plunger barrel 2 at a location adjacent the pump
working chamber 5, and opens at the other end into the
suction space 16 defined within the pump housing 1.
The suction space 16 is connected to a fuel tank, not
shown, via a fuel pump, not shown, and a feed pump 17
arranged in the pump housing 1, to be supplied with
pressurized fuel. The feed pump 17 is disposed around a
drive shaft 29 extending through an end wall of the
pump housing 1 remote from the pump working cham-
ber 15, to be driven by same.

The head of the plunger 4 has its outer peripheral
surface formed with a plurality of circumferentially
equidistant suction slits 18 which are disposed to se-
quentially register with the suction port 15 as the

plunger 4 rotates.

The plunger 4 has its interior formed with a central
bore 19 extending along its axis from the end face of the
plunger head to an intermediate portion of the plunger
4. A first discharge port 20 is formed 1n the plunger 4
and communicates with the axial central bore 19. A

plurality of second discharge ports 21, which are equal
in number to cylinders of an internal combustion engine
associated with the pump, are formed in the peripheral
wall of the plunger barrel 2 in a manner circumferen-
tially equidistantly spaced from each other. The first
discharge port 20 is disposed to sequentially register
with the second discharge ports 21 as the plunger 4
rotates. The second discharge ports 21 communicate
through respective ones of discharge passages 23

..12a has almost the same diameter as that of the cylinder
...bore 3.
. The valve casing 8 is secured to the pump housing 1
.. with its outer peripheral surface threadedly fitted mto a
. fitting opening 14 formed in one end face of the wall
- member 1a adjacent to an outer end of the plunger
. barrel 2. With the valve casing 8 thus mounted on the
 pump housing 1, the cylinder bore 3 is connected at its
..enlarged open end 3ag with an open end of the valve
...head-fitting bore 12¢ in axial alignment therewith,
~ ..whereby the pump working chamber § is defined by the
-..end face of the head of the plunger 4, an inner periph-
_..eral surface of the cylinder bore 3 at its enlarged open
zend 3a, and an inner peripheral surface of the valve

30

35

head-fitting bore 12a.

The valve body 9 has a valve head 956 of a generally
triangular cross section corresponding to a seating sur-
face of the valve seat 8a, integrally formed with the
valve stem 92 at its one end and having a diameter
larger than that of the valve stem 9a. The valve body 9
has its valve stem 9a¢ and valve head 9b located, respec-
tively, in the valve stem-fitting bore 125 and the valve
head-fitting bore 12z for axial movement therein
through a predetermined stroke with respect to its
seated position where the valve head 95 is seated on the
valve seat 8a.

With the valve body 9 thus fitted in the bore 12, one
end face of the valve head 95 remote from the valve
stem 9a is disposed opposite the corresponding end face
of the plunger head. When the valve body 9 moves
away from the valve seat 8a toward the plunger 4,
communication is established between the pump work-
ing chamber § and the communication passage 13
through the open valve body 9, and accordingly be-
tween the pump working chamber 5 and the fuel suc-
tion passage 7. On the other hand, when the valve body
9 moves away from the plunger 4 and becomes seated
on the valve seat 8q, the pump working chamber 5 1s
disconnected from the communication passage 13 by
the closed valve body 9, and thus the communication is
interrupted between the pump working chamber S and

45

50

33

60

65

formed in the pump housing 1 with the inlets of delivery
valves 22 arranged at one end face of the pump housing
1 associated with the solenoid valve 6, and equal in
number to the second discharge ports 21. The delivery
valves 22 are connected at their outlets to respective
ones of injection nozzles, not shown.

A first cut-off port 24 is formed in the peripheral wall
of the plunger 4 at a predetermined axial location be-
tween the suction slits 18 and the first discharge port 20
and communicates with the central bore 19. A second
cut-off port 25 is formed in the peripheral wall of the
plunger barrel 2 at a predetermined axial location be-
tween the suction port 15 and the second discharge
ports 21. The first cut-off port 24 is disposed to register
with the second cut-off port 25 to terminate fuel injec-
tion while the plunger 4 is moving through the delivery
stroke.

The second cut-off port 25 communicates with the
fuel suction passage 7 through a cut-off passage 26
formed in the pump housing 1. A fuel-cut valve 27,
which is formed of a solenoid valve, is arranged across
the fuel suction passage 7 and adapted to be energized
during operation of the fuel injection pump to commu-
nicate the fuel suction passage 7 with the suction port
15, and deenergized to block the fuel suction passage 7
for promptly stopping the operation of the fuel injection

pump.
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A cam disc 28 is secured to the plunger 4 at 1ts one
end remote from the pump working chamber 3, and
connected to the drive shaft 29 via an Oldham’s cou-
pling 29z in 2 manner permitting axial movement of the
cam disc 28 relative to the drive shaft 29 but prohibiting
circumferential movement of the former relative to the
latter. Thus, the plunger 4 is driven through the cam
disc 28 by the drive shaft 29 which is in turn rotatively
driven by the engine. As the drive shaft 29 rotates, the
plunger 4 is caused to concurrently make a rotative
motion in unison with the cam disc 28 and a reciprocat-
ing motion within the cylinder bore 3 which is caused
by the rolling motions of rollers, not shown, of a roller
holder 30 over a camming surface of the cam disc 28.

An injection timing control device 31 is arranged
beneath the roller holder 30, in which a timer piston 32
is connected to the roller holder 30 via a connecting
lever 33.

FIG. 3 illustrates details of the injection timing con-
trol device 31. A high pressure chamber 34 defined at
one end of the timer piston 32 is communicated with the
pump working chamber 5 in FIGS. 1 and 2, through an

oil passage 32a formed in the timer piston 32, and a bore

35 formed in the timer piston 32 at a junction of the
connecting lever 33 with the timer piston 32. Therefore,
a fuel pressure corresponding to the rotational speed of
the engine is supplied to the high pressure chamber 34

from the suction space 16.

A low pressure chamber 36 defined at the other end
of the timer piston 32 is connected to a low pressure
suction side of the feed pump 17 in FIG. 1, through an
oil passage, not shown. A timer spring 37 1s disposed
within the low pressure chamber 36 and urges the timer
piston 32 toward the high pressure chamber 34.

The injection timing control device 31 is further pro-
vided with a solenoid valve 40 for controlling the o1l
pressure within the high pressure chamber 34, which 1s
arranged between an oil passage 38 connected to the
high pressure chamber 34, and an oil passage 39 con-
nected to the low pressure chamber 36, to establish and
interrupt the communication between the oil passages
38, 39. The solenoid valve 40 comprises a solenoid 41, a
spool valve body 42 responsive to energization of the
solenoid 41, a stator core 47, a valve casing 46 having a
through hole 462 formed in its end wall and a bore 465
formed therein for slidably receiving the spool valve
body 42, and a spring 43 interposed between the spool
valve body 42 and the stator core 47 and urging the
valve body 42 toward its closed position, i.e. in a direc-
tion of closing the through hole 46a.

When electric current flows to the solenoid valve 40
to energize the solenoid 41, the spool valve body 42 is
caused to move rightward as viewed m FIG. 2 to open
against the urging force of the spring 43, thereby com-
municating the oil passages 38, 39 with each other
through an annular groove 44, an oil hole 45, axial
grooves 42a of the spool valve body 42, the through
hole 46a and a space 48. On the other hand, when the

10
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23

flow of electric current is interrupted to deenergize the

solenoid 41, the spool valve body 42 is displaced lefi-
ward by the force of the spring 43 to disconnect the oil
passages 38, 39 from each other.

The control unit 50 is adapted to determine the fuel
injection quantity in dependence on the rotational
speed, loaded condition and temperature of the engine,
etc. for supplying the solenoid 11 of the solenoid valve
6 with the injection starting command signal with tim-
ing corresponding to the determined injection quantity,

60
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and also determine the amount of advancement of the
plunger, i.e. the initial circumferential position of same,
in dependence on the engine speed, the fuel injection
quantity, etc. for supplying the solenoid valve 40 with a
driving signal with a duty ratio corresponding to the
determined advancement amount of the plunger, as
hereinafter described.

The operation of the distributor type fuel injection
pump constructed as above will now be described with
reference to FIG. 4, which shows the operation of the
fuel injection pump in the form of a timing chart
wherein the curve I denotes the opening area of the
suction port 15, II the opening area of the discharge
port 20, III the lift of the plunger 4 or the cam disc, IV
the area of registration between the cut-off ports 24, 25,
and V driving pulses for the solenoid valve 6, respec-
tively. When the plunger 4 is in its left extreme position
while making concurrent rotative and reciprocating
motions, fuel pressurized by the feed pump 17 has been
introduced into the pump working chamber § and the
solenoid valve 6 is open (the time period 0—t1 1n FIG.
4).

Then, the plunger 4 starts to lift toward the pump
working chamber § as indicated by a of the curve 111,
and the suction port 15 is closed by the outer peripheral
surface of the plunger 4 (b of the curve I) for pressuriz-

ing fuel. On this occasion, however, the valve body 9 of
the solenoid valve 6 is in its open state (c of the line V)

- s0 that the fuel in the pump working chamber § can

escape through the communication passage 13 and the
fuel suction passage 7 to the suction space 16 of the
pump housing 1, and accordingly the fuel pressure in
the chamber 5 does not increase enough to be injected
(the time period t1-—t2).

When the plunger 4 moves through a suitable stroke
toward the pump working chamber 5 from its init1al or
left extreme position, the solenoid 11 of the solenoid
valve 6 is energized by the injection starting command
signal supplied from the control unit 50 (e of the line V),
to cause the valve body 9 to move away from the
plunger 4 against the urging force of the spring 10 to
become closed, thereby disconnecting the pump work-
ing chamber 5 from the fuel suction passage 7 (12 in
FIG. 4). As the plunger 4 further moves toward the
pump working chamber 5, the fuel in the pump working
chamber 5 and the plunger 4 is pressurized to a higher
pressure and flows through the central bore 19, the
discharge ports 20, 21 and the discharge passages 23 to
the delivery valves 22 to sequentially open same against
the urging forces of respective springs, not shown,
urging the delivery valves 22 toward their closed posi-
tions. The fuel is then injected into the combustion
chambers of the engine cylinders through the injection
nozzles (the time period t2—t3).

As the plunger 4 further moves toward the pump
working chamber 5 into a position in the vicinity of its
right extreme position, the cut-off port 24 of the plunger
4 becomes registered with the cut-off port 25 of the
plunger barrel 2 (13; e of the curve IV). Therefore, the
fuel pressure in the plunger 4 and the pump working
chamber 5 is reduced as fuel spills through the cut-off
ports 24, 25, the cut-off passage 26 and the fuel suction
passage 7 into the suction space 16 of the pump housing
1, thereby terminating the pressure delivery of fuel to
the delivery valves.

While the plunger 4 moves away from the pump
working chamber 5 after termination of the fuel injec-
tion (f of the curve III), pressurized fuel in the suction
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space 16 starts flowing into the pump working chamber
5 through the fuel suction passage 7, the suction port 135
and the suction slits 18 (¢ in FIG. 4), upon communica-
tion of each of the suction slits 18 of the plunger 4 with
the suction port 15 of the plunger barrel 2 (14 in FI1G. 4).

Thereafter, the plunger 4 returns to its left extreme
position (g of the curve III). While the plunger 4 moves
from the right extreme position to the left extreme posi-
tion, the control unit 50 supplies an injection terminat-
ing command signal to the solenoid valve 6 to deener-

gize the solenoid 11 (t5 in FIG. 4). Accordingly, the
valve body 9 is biased to its open position by the urging

force of the spring 10, to thereby communicate the
pump working chamber § with the fuel suction passage
7 through the communication passage 13 and the auxil-
iary passage 7a, terminating the fuel injection.

The initiation of fuel injection is determined by the
timing of closing the solenoid valve 6, as described
above, and therefore, the earlier the closing of the sole-
noid valve 6 during movement of the pilunger 4 toward
the pump working chamber 5 from the left extreme
position, the larger the fuel injection quantity becomes.

To control the fuel injection timing, the injection
timing control device 31 and the solenoid valve 40 are
conirolled in the following manner: The duty ratio of
opening and closing the solenoid valve 40 is determined
in dependence upon the fuel injection quantity, 1.e. the
timing of closing the solenoid valve 6, and the engine

_.rotational speed. That is, the duty ratio of the solenoid
“valve 40 is set to such values that the plunger can al-
_.ways assume initial circumferential positions required to

-

" achieve a predetermined desired injection timing curve
~dependent upon the engine speed,

changes in the closing timing of the solenoid valve 6
corresponding to changes in the fuel injection quantity.

_For instance, when the fuel injection quantity 1s small,

.the duty ratio of the control valve 40 is set to relatively

. small values corresPOHdm g to respective different val-
_ues of the engine speed so that the leakage amount of
fuel from the high pressure chamber 34 to the low pres-
sure chamber 36 becomes small to cause the plunger to
assume relatively large advanced positions or initial
circumferentially biased positions. On the other hand,
when the fuel injection guantity is large, the duty ratio
of the valve 40 is set to relatively large values corre-
sponding to respective different values of the engine
speed, whereby only small amounts of fuel is leaked
from the high pressure chamber 34 to the low pressure
chamber 36 to thereby obtain relatively small advanced
positions of the plunger.

The fuel injection pump of the present invention,
constructed as above, provides the following advanta-
geous effects:

(1) The initiation of the fuel injection alone is con-
trolled by the solenoid valve 6, while the termination of
the fuel injection is controlled in a mechanical manner
as conventionally employed, by means of the cut-off
ports 25, 26, which does not require the solenotd valve
6 to have high responsiveness in its opening and closing
action;

(11) The solenoid valve 6 is constructed and arranged
such that the pressure of fuel in the pump working
chamber 5 acts upon the valve body of the solenoid
valve in a direction of closing same, which does not
require the solenoid to produce a large electromagnetic
force for holding the valve body in its closed position,
imparting high responsiveness to the solenoid valve 6 in
its closing action. Therefore, in cooperation with the

irrespective of
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effect (i) described above, an inexpensive and small-
sized solenoid valve can be employed, which consumes
small electric power;

(iti) Small injection quantity control can be achieved
by merely retarding the timing of closing the solenoid
valve 6 so as to make the same closing timing closer to
the timing of registration of the cut-off ports, thereby
permitting the valve body of the solenoid valve to lift
through its whole stroke. This enables the small injec-
tion quantity control to be positively performed with

ease, while overcoming the disadvantage of inaccurate
small injection quantity control with the conventional

arrangement referred to before, wherein the fuel injec-

tion quantity is determined by the opening and closing

timing of the solenoid valve; and

(iv) No control sleeve, usually employed in conven-
tional distributor type fuel injection pumps, is em-
ployed, affording space for additional plunger springs
49 which urge the plunger 4 in a direction away from
the pump working chamber 5, i.e. more than two. This
enables adjusting with ease the setting force of the
plunger springs over a wide range of values dependent
on the kind of an engine to be employed.

While a preferred embodiment of the invention has
been described, variations thereto will occur to those
skilled in the art within the scope of the present inven-
tive concepts which are delineated by the appended
claims.

What 1s claimed is:

1. A distributor type fuel injection pump comprising:

a plunger barrel;

a plunger received within said plunger barrel for
concurrent reciprocating and rotative motion for
suction, pressure delivery and distribution of fuel;

a pair of cut-off ports formed in said plunger and sald
plunger barrel at a predetermined axial location
and registrable with each other to spill pressurized
fuel in said plunger into a zone under lower pres-
sure;
communication passageway comimunicating a
pump working chamber defined by said plunger at
one end thereof with said zone under lower pres-
Sure;

a fuel suction passage extending between said pump
working chamber and said zone under lower pres-
sure;

said communication passageway extending between
said pump working chamber and an intermediate
portion of said fuel suction passage;

a solenoid valve arranged across said communication
passageway for blocking same; and

control means for controlling means for controlling
said solenoid valve to cause same to selectively
assume an open position and a closed position;

wherein while said plunger moves toward said pump
working chamber, said solenoid valve 1s closed by
said control means to start injection of fuel present
in said pump working chamber, and upon registra-
tion of said cut-off ports with each other, the fuel
injection is terminated;

said solenoid valve including a valve body disposed
opposite an end face of said one end of said
plunger, a valve seat on which said valve body 1s
seatable, said valve body and said valve seat being
arranged such that said valve body is kept off from
said valve seat to assume said open position when it
is biased toward said plunger, and is seated on said
valve seat to assume said closed position when it 1s
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biased away from said plunger, urging means act-
ing upon said valve body to bias same to said open
position, and a solenoid energizable for biasing said
valve body to said closed position against the force
of said urging means;

said control means including means for selectively
energizing or deenergizing said solenoid for caus-
ing said valve body to selectively assume said
closed position or said open posttion.

2. A distributor type fuel injection pump comprising:

a plunger barrel;

a plunger received within said plunger barrel for
concurrent reciprocating and rotative motion for
suction, pressure delivery and distribution of fuel;

a pair of cut-off ports formed in said plunger and said
plunger barrel at a predetermined axial location
and registrable with each other to spill pressurized
fuel in said plunger into a zone under lower pres-
sure;

a communication passageway communicating a

pump working chamber defined by said plunger at

one end thereof with said zone under lower pres-
Sure; |

a fuel suction passage extending between said pump
working chamber and said zone under lower pres-
sure;

said cut-off port formed in said plunger barrel com-
municating with said fuel suction passage at an
intermediate portion thereof;

a solenoid valve arranged across said communication
passageway for blocking same; and

control means for controlling means for controlling
said solenoid valve to cause same to selectively
assume an open position and a closed position;

wherein while said plunger moves toward said pump
working chamber, said solenoid valve 1s closed by
said control means to start injection of fuel present
in said pump working chamber, and upon registra-
tion of said cut-off ports with each other, the fuel
injection i1s terminated;

said solenoid valve including a valve body disposed
opposite an end face of said one end of sad
plunger, a valve seat on which said valve body i1s
seatable, said valve body and said valve seat being
arranged such that said valve body is kept off from
said valve seat to assume said open position when it
is biased toward said plunger, and is seated on said
valve seat to assume said closed position when it is
biased away from said plunger, urging means act-
ing upon said valve body to bias same to said open
position, and a solenoid energizable for biasing said

3

10

15

20

25

30

35

435

20

335

60

65

10

valve body to said closed position against the force
of said urging means;

said control means including means for selectively

energizing or deenergizing said solenoid for caus-
ing said valve body to selectively assume said
closed position or said open position.

3. A distributor type fuel injection pump as claimed in
claim 2, including a pump housing; and wherein said
solenoid valve has a valve casing mounted on said pump
housing opposite one end of said plunger barrel; said
valve body, said urging means and said solenoid being
accommodated within said valve casing; said valve
casing having formed therein a first bore defining part
of said pump working chamber, a second bore arranged
in axial alignment with said first bore and having a
diameter smaller that that of said first bore, and a valve
seat interposed between said first bore and said second
bore; said valve body having a valve head located in
said first bore and seatable on said valve seat, and a
valve stem formed integrally with said valve head and
located in said second bore; said communication pas-
sage having part thereof formed in said valve casing and
opening into said second bore.

4. A distributor type fuel injection pump as claimed in
claim 3, wherein said valve seat comprises a tapered
annular valve seat; and said valve head of said valve
body has a generally triangular cross section corre-
sponding to a seating surface of said valve seat.

5. A distributor type fuel injection pump as claimed in
claim 1, including a. pump housing; and wherein said
solenoid valve has a valve casing mounted on said pump
housing opposite one end of said plunger barrel; said
valve body, said urging means and said solenoid being
accommodated within said valve casing; said valve
casing having formed therein a first bore defining part
of said pump working chamber, a second bore arranged
in axial alignment with said first bore and having a
diameter smaller than that of said first bore, and a valve
seat interposed between said first bore and said second
bore: said valve body having a valve head located in
said first bore and seatable on said valve seat, and a
valve stem formed integrally with said valve head and
located in said second bore; said communication pas-
sage having part thereof formed in said valve casing and
opening into said second bore.

6. A distributor type fuel injection pump as claimed in
claim 5, wherein said valve seat comprises a tapered
annular valve seat; and said valve head of said valve
body has a generally triangular cross section corre-

sponding to a seating surface of said valve seat..
% ¥ - %
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